ABSTRACT Spatial ordering has been observed recently during various photochemical reactions. Convoluted concentration bands first appear near the surface of shallow irradiated solutions. They thereafter extend into the bulk, and finger-like structures spontaneously develop. We discuss here the possible role of double-diffusion effects in the onset of this phenomenon. Indeed, chemical reactions occurring near the surface or evaporation of the solvent, or both, induce in the bulk adverse gradients of a pair of properties (concentrations of solute or concentration and tem- (10) (11) (12) .
The competition between nonlinear chemical kinetics and diffusion (Turing mechanism) or other hydrodynamical processes can lead to coherent macroscopic structures in open chemical systems driven far from thermal equilibrium (1) . Unfortunately experimental examples of such stationary chemical dissipative structures are scarce and not well characterized (2) (3) (4) (5) ; for a recent review, see ref. 6 ). Furthermore the detailed mechanism of these complex reactions are still not completely elucidated. However, recently the formation of spatial structures have been reported in a large class of photochemical reactions not only in complex systems such as the photolysis of halogen compounds but also in photosystems exhibiting simple reaction kinetics (7) (8) (9) (first-or second-order return reaction). It follows that these patterns are not generated by the Turing mechanism. Furthermore, as the characteristic wavelength is not intrinsic and depends on the thickness of the solution (3), one must therefore search for the origin of these structures in the coupling of the chemical processes with hydrodynamics. We want to stress here the importance of double diffusive convection in systems where chemical reactions occur near the surface. Double diffusion mechanisms have indeed been recognized as leading effects inducing instabilities in multicomponent systems (10) (11) (12) .
For the sake of clarity, we consider the following model. V2=-+
IaXy2'
The main problem is concerned with the determination of the time of onset for the instability to occur in the presence of the time developing gradients aAA(z,t) and adBO(z,t). A simple method to estimate this time is provided by the quasistationary approximation. It consists in freezing the concentration profile at a given time and determining its stability. Although this approximation is known to yield inaccurate values of the growth rate of the disturbances, it seems in fact to predict the time at which the structuration first develops in the layer accurately (13) .
As the concentration gradients are slowly developing in time (DAB 10-5 cm2s-1), their effects can only be felt in a small layer at the top of the solution, the thickness of which is of the order of (DAt)'12 ( The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. never be attained, and neither spatial organization nor convection occurs in the system. However, in some experiments the evaporation of the solvent may be sufficiently intense to create a destabilizing temperature gradient able to induce spatial patterns by evaporative cooling of the top surface. Indeed the importance of evaporation has been clearly demonstrated in some photochemical experiments conducted with a volatile solvent (9) . Two effects have to be considered in this case.
(i) A weak convection may be established before the illumination of the solution by evaporative cooling. In some experiments, prepatterns have indeed been visualized by using Schlieren photography. In this case the spatial organization of the system no longer is randomly forced as in the situation described above, and the convection can be enhanced by the double diffusion effect when the photochemical reaction starts. For the kind of systems we consider (L < 1 cm), the initial velocity field is expected to be constituted by its fundamental harmonic alone [sin(irz/L)]. Effectively, the temperature gradient responsible for this convection develops sufficiently rapidly to be felt in the entire solution. Hence after illumination, concentration fluctuations of wavelength A = 2VL in the (x,y) plane are amplified after an onset time defined by
-(e (-2At/DL) -e-(9,r2DAf/4L2))] [4] If the concentration gradients evolve purely diffusively (i.e., isothermal reactions; no thermodiffusive effects), vi = Di and 1TvL l/2
[gAoiDA(1 -Y) ( for realistic values of the parameters, this time is of the order of 10-100 s).
(ii) The temperature gradient created by the evaporation of the solvent also may induce a concentration gradient of solute through the Soret effect (14, 15) . If the thermodiffusion coefficient is positive, there is a tendency for the solute to move towards the coolest regions of the fluid, in this case the top surface. As a consequence, the difference between the gradients induced by the photochemical reactions may be enhanced and their diffusivity may be modified (vi $ Di). Hence, the effective threshold for the instability may be modified, giving onset times that eventually decrease with L.
In order to check the relevance of the double diffusion effects described in this note in the formation of photochemical patterns, further experimental and theoretical investigations are needed. From the experimental point of view, the precise knowledge of the diffusion and thermodiffusion coefficients would be desirable as well as refined measurements of the onset times (times at which the fluctuations first start growing), critical times (times at which the patterns become well established), and growth rate of the inhomogeneous disturbances and, particularly, the dependence of these quantities on the thickness L of the solution.
From the theoretical point of view, as the basic concentration profiles evolve in time, it seems appropriate to develop a stochastic formulation that takes into account the random nature of the initial conditions. Indeed the problems discussed here are very similar to the ones arising in convective ramping experiments, where it is known that the sensitivity of the evolution to the initial amplitude of the fluctuations is great (16, 17) . Moreover, the onset of manifest spatial organization cannot be obtained from the linear theory alone, and the derivation of amplitude equations with the full nonlinearity of the problem is necessary to obtain a fair description of the concentration or convective patterns.
To conclude, we would like to point out that the importance of the double diffusion mechanism is not restricted to the photochemical patterns described in this note. It may also have more general implications even of very practical interest on the reaction itself. Indeed when chemical reactions are catalyzed at the surface of a layer of solution, concentration gradients develop. If the diffusivities of species are sufficiently different, their combination may be destabilizing because of the double diffusion effect. Spatial patterns or oscillations may then appear (18) . More important is that the associated chemically driven convective currents could be able to enhance considerably the effective reaction rate, which is otherwise limited by the diffusion rate of the species in the reactor.
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